Core tip: Baseline hepatitis B surface antigen (HbsAg) levels could be used to predict virological, serological, and biochemical responses during entecavir treatment. HBeAg-positive non-cirrhotic patients had the highest HBsAg levels at the baseline and throughout entecavir treatment, and had the highest HBsAg decrease rates during the first year of entecavir treatment. HBsAg levels decrease slowly during the treatment. Therefore, HBsAg should be checked at a 1-year interval if hepatitis B virus DNA remains undetectable. A rapid HBsAg decline per se did not achieve better patient outcomes. In the interpretation of HBsAg changes, HBsAg levels and decrease rates should be considered together according to disease status.
INTRODUCTION
Patients with chronic hepatitis B virus (HBV) infection are at risk of cirrhosis and hepatocellular carcinoma (HCC) [1] . Eradication of chronic HBV infection is difficult because of the presence of covalently closed circular DNA (cccDNA) in infected cells [2] . HBV cccDNA resides in the nucleus of infected cells as an episomal (i.e., nonintegrated) plasmid-like molecule. The paucity of knowledge about cccDNA formation and degradation is a considerable obstacle to the development of antichronic HBV infection treatments [2] . Hepatitis B surface antigen (HBsAg) levels have been used to discriminate between different clinical phases [3] , predict spontaneous HBsAg seroclearance [4, 5] , and identify inactive phases in hepatitis B e antigen (HBeAg)-negative patients [6] . HBsAg levels of < 100 IU/ mL could predict HBsAg loss in HBeAg seroconverters [7] and identify HBeAg-negative patients with inactive virus [8] .
HBsAg levels can also be used to guide pegylated interferon (PegIFN) treatment course. In HBeAgpositive patients with an HBsAg level > 20000 IU/mL after 24 wk of treatment, PegIFN discontinuation is suggested [9] . In HBeAg-negative patients without
HBsAg level declines by week 12 and without HBV DNA level declines of > 2 log IU/mL, a sustained response to therapy is considered impossible [10] . PegIFN responders, compared with nonresponders, had greater declines in HBsAg and cccDNA levels. For PegIFN responders, mean HBsAg reduction levels were 2.5 ± 2.3 log IU/mL in HBeAg-positive patients and 2.5 ± 1.3 log IU/mL in HBeAg-negative patients after 48 wk of treatment [11] . HBsAg levels declined much less rapidly during nucleos(t)ide analogue (NA) treatment, compared with PegIFN treatment [12] . The declines in HBsAg levels from the baseline to week 48 during NA treatment were 0.3 to 0.5 log IU/mL in HBeAg-positive patients and -0.1 to 0.1 log IU/mL in HBeAg-negative patients [3] . For most patients, long-term NA treatment renders a consistent but slow reduction (0.084 log IU/year) [13] . For patients receiving NA treatment, HBsAg quantification may help to predict clinical outcomes. HBsAg levels of < 3000 IU/mL at the baseline combined with HBsAg declines of ≥ 75% from the baseline could predict the eventual loss of HBsAg [14] . An HBsAg reduction of > 1 log IU/mL could reflect improved immune control [12, 15] , and a reduction of ≥ 0.5 log IU/mL after 6 mo of treatment had a high negative predictive value for HBsAg seroclearance [16] . Serum HBsAg is closely related to serum HBV DNA and intrahepatic cccDNA in HBeAg-positive patients, but it is poorly correlated with serum HBV DNA and not correlated with intrahepatic cccDNA in HBeAgnegative patients [11, 17] . HBsAg changes after NA treatment were also different between HBeAg-positive and HBeAg-negative patients [3] . Two studies reported that baseline HBsAg levels could help to predict HBsAg decline or loss in HBeAg-negative patients [18, 19] . On the contrary, some studies suggested that neither baseline HBsAg nor reduction in HBsAg could predict virological response in HBeAg-negative patients [20, 21] . Therefore, these results are rather divergent in HBeAgnegative patients. The aim of the current study was to investigate the role of HBsAg levels in predicting treatment responses and the clinical significance of HBsAg kinetics for different disease statuses during long-term entecavir treatment.
MATERIALS AND METHODS

Patients
This retrospective study analyzed treatment-naïve chronic hepatitis B patients receiving at least two years of consecutive entecavir treatment at National Cheng Kung University Hospital. The exclusion criteria were (1) prior treatment history with NAs or interferon; (2) coinfection with hepatitis C virus or human immunodeficiency virus infection; (3) endstage renal disease; (4) systemic chemotherapy due to active cancer; and (5) post-organ transplantation. During the study period, patients received entecavir as the only anti-HBV therapy. Indications for entecavir therapy followed the Asian Pacific Association for the Study of the Liver HBV treatment guideline [22] . Enrolled patients were started on entecavir between December 2007 and January 2015. This study was approved by the Institutional Review Board of National Cheng Kung University Hospital. We analyzed the medical charts and remaining serum samples of these patients in this study. The informed consents of remaining specimen usage were obtained from these patients at the request of the Institutional Review Board of National Cheng Kung University Hospital.
Monitoring
All enrolled patients underwent follow-up liver biochemistry testing, HBV DNA testing, and abdominal sonography at three to six month (twelve to twentyfour week) intervals. In HBeAg-positive patients, HBeAg levels were assessed every three to six month until results became negative. Serum HBsAg quantification was performed at the baseline, oneyear (48 wk) time point, and five-year (240 wk) time point after treatment. Liver cirrhosis was diagnosed through liver biopsy, imaging examinations [abdominal sonography, computed tomography (CT), or magnetic resonance imaging (MRI)], or clinical findings of portal hypertension (esophageal or cardiac varices by esophagogastroduodenoscopy). HCC was diagnosed by histological examination (liver biopsy or surgery) or dynamic image studies (CT and MRI).
Virological response to treatment was defined as the point at which serum HBV DNA became undetectable (< 60 IU/mL) during treatment. HBeAg seroclearance was defined as a loss of HBeAg, whereas HBeAg seroconversion was defined as a loss of HBeAg and occurrence of anti-HBe, according to the Asian Pacific Association for the Study of the Liver HBV treatment guideline [22] . Because alanine aminotransferase (ALT) levels usually fluctuated and were affected by multiple factors during treatment, biochemical response was defined as ALT normalization [(≤ upper limit of normal (ULN)] for more than 6 mo during the study period and for the last 6 mo of the study period in patients with elevated baseline ALT levels. The ULN of ALT was 50 U/mL in male patients and 35 U/mL in female patients at National Cheng Kung University Hospital.
Laboratory measurements
Serum HBsAg levels were measured using the Architect HBsAg assay (Abbott, Chicago, IL, United States), with a linear range of 0.05 to 250 IU/mL. Samples with levels higher than 250 IU/mL were retested at a series of dilutions according to the manufacturer's instructions. Serum HBV DNA levels were determined using the Roche Cobas Amplicor were measured by our in-house LightCycler real-time method, which was well correlated with results from the Roche Cobas Amplicor. HBV genotype was determined using melting curve analysis with LightCycler hybridization probes, as described previously [23] .
Statistical analysis
Continuous variables are expressed as mean and standard deviation, except for treatment time, which is expressed as median and range. Categorical variables are expressed as numbers (percentages). Continuous variables were compared using Student's t test. The distributions of categorical variables were compared using the Chi-square test or Fisher's exact test when an expected value was less than 5. The cumulative incidence of treatment responses and clinical events with different variables were obtained using the KaplanMeier analysis, and the log-rank test was used to test for statistical difference. Multivariate analysis was performed using Cox proportional hazards regression to determine the factors that were independently associated with treatment responses and clinical events. A linear mixed model with a random intercept was used for analysis of longitudinal changes of HBsAg levels. In this model, groups and time points were treated as categorical variables and represented by dummy variables. Statistical analysis was performed using Stata 14.2 (Stata-Corp, Tx, United States). Results were considered statistically significant at P < 0.05.
RESULTS
Patient characteristics
A total of 211 treatment-naïve chronic hepatitis B patients receiving entecavir monotherapy were enrolled in this study. The median entecavir treatment time was 5.24 (2.00-9.62) years. The mean age was 50.4 ± 11.9 years. Most patients were men (69.7%), HBeAg-negative (70.6%), and non-cirrhotic (68.7%). Compared with HBeAg-negative patients, HBeAgpositive patients had a younger age, higher baseline HBV DNA and HBsAg levels, and lower proportions of liver cirrhosis, HCC diagnosed before or within half a year of entecavir therapy, and genotype B HBV infection (Table 1) .
Virological response
One hundred and ninety-six patients were assessed for virological response to treatment. One hundred and eighty-eight patients (188/196, 95.9%) achieved virological response during treatment. The median time to virological response was 0.50 (0.04-4.88) years. Among HBeAg-positive patients (n = 54), those with a baseline HBsAg level of < 4 log IU/mL had an earlier virological response, compared with those with a baseline HBsAg level of ≥ 4 log IU/mL (P = .024, Figure 1A ). Multivariate analysis revealed that the female sex and a baseline HBsAg level of < 4 log IU/mL were independently associated with an earlier virological response [female vs male: hazard ratio (HR): 2.95, 95% confidence interval (CI): 1.33-6.57, P = 0.008; HBsAg < 4 vs ≥ 4 log IU/mL: HR: 4.92, 95%CI: 2.10-11.51, P < 0.001, Table 2 ]. A subgroup analysis for HBeAg-positive non-cirrhotic patients showed that the female sex, a higher baseline ALT, and a baseline HBsAg level of < 4 log IU/mL were independently associated with an earlier virological response ( Figure  1B and Supplemental Table 1A ). In HBeAg-negative patients (n = 142), a baseline HBsAg level of < 2.4 log IU/mL predicted virological response in the univariate analysis but not in the multivariate analysis ( Figure 1C and Supplemental Table  1B ). Therefore, a subgroup analysis for HBeAg-negative non-cirrhotic patients was performed. The results indicated that among HBeAg-negative non-cirrhotic patients (n = 90), those with a baseline HBsAg level of < 2.4 log IU/mL achieved virological response more easily (P < 0.0001, Figure 1D ). Multivariate analysis showed that a baseline HBsAg level of < 2.4 log IU/mL was independently associated with an earlier virological response (HR: 3.12, 95%CI: 1.58-6.19, P = 0.001, Table 3 ). In HBeAg-negative cirrhotic patients (n = 52), baseline HBsAg levels failed to predict virological response.
Serological response
Sixty-one HBeAg-positive patients were assessed for serological response. Thirty-three patients (33/61, 54.1%) achieved HBeAg seroclearance during entecavir treatment. The median time to HBeAg seroclearance was 1.21 (0.19-6.99) years. HBeAg seroclearance occurred more rapidly in patients with a baseline HBsAg level of < 4 log IU/mL, compared with those with a baseline HBsAg level ≥ 4 log IU/mL (P = 0.002, Figure  2A) . Statistical significance remained after adjustment (multivariate: HR: 5.74, 95%CI: 2.19-15.00, P < 0.001, Table 4 ).
HBeAg seroconversion occurred in 22 patients (22/61, 36.1%). The median time to HBeAg seroconversion was 1.21 (0.21-7.49) years. Patients with a baseline HBsAg level of < 4 log IU/mL achieved HBeAg seroconversion more rapidly (P = 0.022, Figure 2B ). Multivariate analysis showed that an HBV DNA level of ≤ 5 log IU/mL and HBsAg level of < 4 log IU/mL were independently associated with earlier HBeAg seroconversion (HBV DNA ≤ 5 log IU/mL vs > 5 log IU/ mL: HR: 4.15, 95%CI: 1.05-16.44, P = .043; HBsAg < 4 log IU/mL vs ≥ 4 log IU/mL: HR: 5.05, 95%CI: 1.58-16.14, P = 0.006, Table 5 ).
Biochemical response
One hundred and sixty-eight patients with elevated baseline ALT levels were assessed for biochemical response to treatment. One hundred and thirty-four patients (134/168, 79.8%) achieved biochemical response during entecavir treatment. The median time to biochemical response was 0.26 (0.04-3.09) years. In HBeAg-positive patients with elevated baseline ALT levels (n = 52), an HBsAg level of < 4 log IU/mL was not associated with an earlier biochemical response, as observed in Kaplan-Meier analysis and univariate analysis (Supplemental Figure 1 and Supplemental Table 2 ). However, multivariate analysis showed that HBV genotype B and an HBsAg level of < 4 log IU/mL were independently associated with more rapid biochemical response (genotype B vs C, HR: 4.59, 95%CI: 1.60-13.15, P = 0.005; HBsAg < 4 log IU/mL vs ≥ 4 log IU/mL, HR: 4.00, 95%CI: 1.41-11.36, P = 0.009, Supplemental Table 2 ). In HBeAg-negative patients with elevated baseline ALT levels (n = 116), the baseline HBsAg level failed to predict biochemical response, irrespective of cirrhosis status.
Clinical event: new hepatocellular carcinoma development
New HCC development was defined as HCC diagnosed after half a year of entecavir treatment in patients without a history of HCC. One hundred and seventynine patients who had no HCC before and within a half a year of entecavir treatment were assessed for new HCC development. New HCC occurred in 13 patients (13/179, 7.3%). The median time to the development of new HCC was 5.16 (2.11-8.65) years. Liver cirrhosis was associated with increased risk of new HCC (P < 0.001, Supplemental Figure 2 ). Multivariate analysis revealed that liver cirrhosis was the only independent Comparisons between different time points or periods for one patient group: a P < 0.05, b P < 0.005, c P < 0.001; Comparisons between different groups at one specific time point or period:
d P < 0.05, e P < 0.005, f P < 0.001.
risk factor for new HCC (HR: 13.02, 95%CI: 2.00-84.99, P = 0.007, Table 6 ).
Hepatitis B surface antigen kinetics
Serum HBsAg levels were determined at the baseline (211 patients; 211/211, 100%), 1-year (175 patients; 175/211, 82.9%), and 5-year time points (68 patients; 68/113, 60.2%) of entecavir treatment. HBsAg levels at different time points, categorized by baseline HBeAg and cirrhosis status, are presented in Figure 3A . The HBeAg-positive non-cirrhotic group had significantly higher HBsAg levels at the baseline, 1-year, and 5-year time points, compared with the other groups, except for the HBeAg-positive cirrhotic group at the 5-year time point, which had a similar trend but did not reach statistical significance. Annual HBsAg changes in different periods, categorized by HBeAg and cirrhosis status, are presented in Figure 3B . The HBsAg decrease in the first year for the HBeAg-positive non-cirrhotic group was higher than that for the other three groups; moreover, the HBsAg decrease in the first year was higher than the decrease observed from the first to the fifth year for the HBeAg-positive non-cirrhotic group.
HBsAg levels at different time points and annual HBsAg changes in different periods, categorized by baseline HBsAg < 3 and ≥ 3 log IU/mL, are presented in Figure 3C . Patients with baseline HBsAg levels ≥ 3 log IU/mL had higher HBsAg at the baseline, 1-year and 5-year time points than those with baseline HBsAg levels < 3 log IU/mL. The annual HBsAg decrease in the first year for patients with baseline HBsAg levels ≥ 3 log IU/mL was higher than that for patients with baseline HBsAg levels < 3 log IU/mL. Furthermore, the HBsAg decrease in the first year was higher than the decrease from the first to the fifth year for patients with baseline HBsAg levels ≥ 3 log IU/mL.
HBsAg levels at different time points and annual HBsAg changes in different periods, categorized by time to virological response < 6 mo and ≥ 6 mo, are presented in Figure 3D . Patients with a time to virological response of ≥ 6 mo had higher HBsAg levels at the baseline, 1-year and 5-year time points, compared with those with a time to virological response of < 6 mo. The annual HBsAg decrease in the first year for patients with a time to virological response of ≥ 6 mo was higher than for patients with a time to virological response of < 6 mo. Moreover, the HBsAg decrease in the first year was higher than that from the first to the fifth year for patients with a time to virological response of ≥ 6 mo.
HBsAg levels at different time points and annual HBsAg changes in different periods, categorized by HBeAg-positive non-cirrhotic patients with and without HBeAg seroconversion, are presented in Figure 3E . HBeAg-positive non-cirrhotic patients without HBeAg seroconversion had higher baseline and five-year HBsAg levels than those with HBeAg seroconversion. HBeAg-positive non-cirrhotic patients without HBeAg seroconversion had a trend of greater annual HBsAg decrease in the first year than from the first to the fifth year, but these results did not reach statistical significance, which may be due to the limited case number at the 5-year time point.
DISCUSSION
Our data demonstrate that baseline HBsAg levels can be used to predict virological, serological, and biochemical responses in treatment-naïve chronic hepatitis B patients during entecavir treatment. Furthermore, our study provides a global view of HBsAg kinetics in chronic hepatitis B patients, categorized by baseline HBeAg and cirrhosis status during long-term entecavir treatment. The HBeAg-positive non-cirrhotic group had the highest HBsAg levels at the baseline and throughout entecavir treatment, compared with the other three patient groups. Although HBsAg levels decreased slowly during long-term entecavir treatment, a rapid rate of HBsAg decrease was seen in the first year for HBeAgpositive non-cirrhotic patients. Previous studies have shown that lower baseline HBsAg levels were also associated with higher chances of HBV DNA suppression [5, 20, 21, 24] , HBeAg seroclearance [21, 24] , and HBsAg seroclearance [25, 26] . Because HBeAg-positive patients had higher HBsAg levels than HBeAg-negative patients (Table 1) , the finding that the cut-off values of HBsAg for predicting treatment response were different between HBeAg-positive and HBeAg-negative patients is reasonable. In the current study, using an HBsAg cutoff value of 4 log IU/mL indicated that lower baseline HBsAg levels were associated with an earlier virological response, earlier HBeAg seroconversion, and earlier biochemical response in HBeAg-positive patients, and using a cut-off value of 2.4 log IU/mL, lower baseline HBsAg levels were found associated with an earlier virological response in HBeAg-negative non-cirrhotic patients.
HBsAg levels decreased slowly during entecavir treatment in most patients. In HBeAg-positive noncirrhotic patients, a higher rate of HBsAg decrease was observed in the first year of treatment ( Figure 3A and 3B). When patients were categorized according to baseline HBsAg levels, time to virological response, and time to HBeAg seroconversion, higher rates of HBsAg decrease were noted in the first year of treatment for patients with higher baseline HBsAg levels, patients with longer time to virological response, and patients without HBeAg seroconversion ( Figure  3C , D, and E). These findings demonstrate that higher rates of HBsAg decrease occurred in the first year of treatment for patients who had higher baseline HBsAg levels. Therefore, rapid rates of HBsAg decline did not necessarily guarantee better clinical outcomes. When interpreting HBsAg changes, both HBsAg levels and decrease rates should be considered according to disease status. These findings are compatible to those of previous studies [27] [28] [29] . Because HBsAg levels decrease slowly during entecavir treatment, it could be checked at a 1-year interval if HBV DNA remains undetectable, as mentioned in a recent hepatitis B treatment guideline [1] . The difference in HBsAg kinetic patterns between HBeAg-positive and HBeAg-negative patients is appealing to consider. This could be related to the dissimilar activity of virus in patients with different HBeAg statuses. HBV cccDNA is the template for pre-S1 mRNA (2.4 kb), pre-S2/S mRNA (2.1 kb), preC mRNA (3.5 kb), pregenomic RNA (3.5 kb), and HBx mRNA (0.7 kb) transcription. Large (L) envelope proteins are translated from the pre-S1 mRNA, whereas middle (M) and small (S) envelope proteins are translated from the pre-S2/S mRNA [12, 30] . Serum HBsAg consists of L, M, and S envelope proteins from complete virions (Dane particles), RNA virions, empty virions, and subviral particles (SVP, noninfectious HBsAg particles with spherical or filamentous forms). The amount of SVPs outnumbers complete virions by 1000-fold or greater [12, [30] [31] [32] . HBsAg is derived not only from cccDNA but also from integrated HBV DNA sequences [12, 30, 31] . NA inhibits the activity of HBV reverse transcriptase, posing an obstacle to the production of relaxed circular DNA, the packaging and release of complete virions, and the replenishment of cccDNA (Figure 4 ) [2, 30, 32] . Notably, these integrated sequences constitute a considerable part of the intrahepatic HBV DNA, and serum HBsAg circulates mainly as defective particles in HBeAg-negative patients [31, 33] . This might account for the differences in HBsAg kinetics between HBeAgpositive and HBeAg-negative patients.
There are limitations to this study: it is a retrospective study of a single medical center, thus limiting the diversity of our patient population. In addition, serum samples were unavailable for 39.8% of enrolled patients at the five-year time point, which may have yielded some nonsignificant results for the HBeAgpositive cirrhotic patient group.
In conclusion, this study demonstrated that baseline HBsAg levels could be used to predict virological, serological, and biochemical responses during entecavir treatment. Although HBsAg levels decreased slowly during the treatment, a higher rate of HBsAg decrease was found in the first year of treatment for HBeAgpositive non-cirrhotic patients. Higher rates of HBsAg decrease were observed in the first year for patients with higher baseline HBsAg levels. A rapid HBsAg decline did not necessarily guarantee better outcomes. Clinicians interpreting HBsAg kinetics should consider HBsAg levels and decrease rates together according to a patient's disease status.
ARTICLE HIGHLIGHTS
Research Background
Hepatitis B surface antigen (HBsAg) levels have been studied in the natural course and pegylated interferon treatment course. During nucleos(t)ide analogue (NA) therapy, there are still controversies about using HBsAg to predict treatment responses, especially in HBeAg-negative patients. Besides, HBsAg kinetics and its relationships with outcomes during long-term entecavir therapy have not been fully elucidated.
Research motivation
We hoped to elucidate the utility of HBsAg in the prediction of treatment response in HBeAg-positive and HBeAg-negative patients. Furthermore, we would like to demonstrate the detailed HBsAg kinetics among different disease statuses and their relationships with the treatment outcomes.
Research objectives
We aimed to investigate the utility and kinetics of serum HBsAg in chronic hepatitis B patients during long-term entecavir treatment.
Research methods
We conducted this retrospective study to analyze the relationships between HBsAg levels and treatment responses in treatment-naïve chronic hepatitis B patients receiving at least two years of consecutive entecavir treatment. Patients were followed up at three to six month intervals with liver biochemistry, hepatitis B virus DNA, and abdominal sonography. Serum HBsAg levels were determined at baseline, one year and five year time points. The cumulative incidence of treatment responses were obtained using the Kaplan-Meier analysis. Multivariate analysis was performed using Cox proportional hazards regression. A linear mixed model with a random intercept was used for analysis of longitudinal changes of HBsAg levels.
Research results
We demonstrated that baseline HBsAg levels could be used to predict treatment responses in HBeAg-positive patients with a cut-off value of 4 log IU/mL and in HBeAg-negative non-cirrhotic patients with a cut-off value of 2.4 log IU/mL. Furthermore, our study provides a global view of HBsAg kinetics in chronic hepatitis B patients during long-term entecavir therapy. The HBeAgpositive non-cirrhotic group had the highest HBsAg levels at the baseline and throughout entecavir treatment, as compared with the other three patient groups. Higher rates of HBsAg decrease were observed in the first year for patients with higher baseline HBsAg levels. A rapid HBsAg decline did not necessarily guarantee better outcomes
Research conclusions
Baseline HBsAg levels could be used to predict virological, serological, and biochemical responses. In the interpretation of HBsAg changes, HBeAg levels and decrease rates should be considered together according to a patient's disease status.
Research perspectives
HBsAg is a useful biomarker for chronic hepatitis B patients receiving NA therapy. It deserves to be studied in large prospective cohorts with different comorbidities for the future research.
